Aim: This study examines the amount of sleep and daytime sleepiness, and how these change in a follow-up cohort study of school-aged children.
• The amount of sleep drops more in girls compared with boys between the ages 10 and 15 years
• Parents reported their children to sleep more compared with the children themselves
The implications of this paper:
• Daytime sleepiness and amount of sleep should be systematically assessed by nurses and other health care professionals.
• Gender and age specific differences should be considered when promoting healthy sleep.
• Future research should focus on developing effective, youth-driven interventions to promote healthy sleep and prevent daytime sleepiness.
| INTRODUCTION
Tiredness in schoolchildren is a significant problem, and perceived tiredness has increased during the last decade among young people.
Most adolescents do not get enough sleep (Owens, 2014) , and perceived daytime sleepiness has increased (Carskadon, 2011) . A significant portion of adolescents suffer from inadequate amounts of sleep, especially during weekdays, and the average length of sleep for adolescents has decreased by more than an hour during the last decade (Teufel, Brown, & Birch, 2007) . Perceived sleepiness is a common psychosomatic symptom among adolescents (Noland, Price, Dake, & Telljohann, 2009 ) and seems to increase with age (Leger, Beck, Richard, & Godeau, 2012) . In a Finnish survey, at least every third student reported morning tiredness almost every school morning, and they also felt tired more than once a week (Tynjälä & Kannas, 2004) .
A sufficient amount and quality of sleep is essential for health and quality of life (Paiva, Gaspar, & Matos, 2015) . Sleep has several functions, and it widely affects both physical and psychosocial dimensions of health (Brand & Kirov, 2011) . Lack of sleep causes several health-related problems. For instance, studies have found an association between lack of sleep and abnormal circadian rhythm, diabetes, high body mass index, and obesity (Hart, Cairns, & Jelalian, 2011; Noland et al., 2009) . Sleep disorders are also frequently associated with childhood behavioural problems and mental illnesses, such as depression (Regestein et al., 2010) .
Daytime sleepiness has been shown to cause changes in temper and motivation and also difficulties in emotional and behavioural levels (Medeiros, Carvalho, Silva, Prado, & Prado, 2005) . A higher level of daytime sleepiness is associated with short sleep duration (O'Brien & Mindell, 2005) and compromises well-being (Brand et al., 2010) . At school, lack of sleep presents itself as restlessness, over activity, and mood changes (Nixon et al., 2008) . Sleep deprivation is also negatively associated with learning capacity and academic performance (BaHammam, Alaseem, Alzakri, Almeneessier, & Sharif, 2012; Schmidt & Van der Linden, 2015) . On the other hand, school success is associated with having a regular sleep rhythm, a longer night's sleep, and better quality of sleep. Children and teens who get enough sleep have been found to get better school grades than their peers who sleep less (Fredriksen, Rhodes, Reddy, & Way, 2004) .
The need for sleep is individual, and the amount of needed sleep is not constant over the course of life; it increases in puberty and decreases during aging. The recommendation for sufficient sleep for adolescents between the ages of 10 and 15 years is 9 to 10 hours per night (Wolfson, Spaulding, Dandrow, & Baroni, 2007) . An adequate quality and amount of sleep is essential to achieve optimal mental and physical alertness, daytime functioning, and learning capacity (Curcio, Ferrara, & De Gennaro, 2006) . 
| RESEARCH QUESTIONS

| Data collection
The questions from WHO's Health Behaviour in School-aged Children (HBSC) questionnaire were used to assess children's self-reported and parent-reported amount of sleep, daytime sleepiness, and perceptions of having slept enough. The amounts of sleep during weekdays and weekends were assessed separately. Bedtime was assessed by asking (1) "When do you usually go to bed if you have school the next day?" and (2) "When do you usually go to bed on weekends?" The response alternatives for going to bed were 30-minute intervals starting with 9 pm and ending with 2 am or later. Waking times for weekdays and weekends were asked about in separate questions: (3) "When do you usually wake up on weekdays?" with response alternatives given in 30-minute intervals, starting with 5 am and ending with 4 pm or later, and (4) "When do you usually wake at weekends?" starting with 7 am and ending with 2 pm or later. Daytime sleepiness was assessed with the question: "How often have you felt tired in the daytime during the last week?" (Options: 1. not at all, 2. once, 3. twice, 4. several times, 5. daily). In the analysis, daytime sleepiness was categorized into two categories: rarely (not at all, once, twice) and frequent (several times or daily).
The questions for parents were as follows: (1 Permission to use the measurement instruments was granted by the copyright holders, and the tool used in this study had been tested and used in previous studies (Pallesen et al., 2008) and has been suggested to be valid for assessing sleep of school-aged children (Liu et al., 2010) . The HBSC questionnaire has shown substantial reliability (interclass correlation coefficients 0.64-0.83) in assessing sleep in school-aged children (Liu et al., 2010) .
Data collection was carried out through a web-based survey conducted in class. However, some children filled in printed questionnaires due to the shortage of personal computers during the study period. The electronic survey data were directly sent to the researchers via a secure web-based arrangement, and no responses were saved on the school personal computers. The electronic and printed questionnaires were identical and were kept as similar in outer appearance as possible. The parents responded on printed questionnaires designed for them, which were sent home with the children and returned to the school by the children in sealed envelopes. The envelopes were collected from the schools by a research assistant.
Child and parent/proxy reports had been coded prior to responding in order to enable the combination of the child-parent pairs in the analysis.
All questionnaires had been tested in a pilot study before the final data collection took place. Based on the results from the pilot study, there was no need for making changes in the instruments or research protocol. The study settings at baseline (2004) 
| Statistical analysis
The amount of sleep was calculated by subtracting the reported waking times from the reported bedtimes. Descriptive statistics (mean and standard deviation) are shown for the amount of sleep, and frequencies with percentages for daytime sleepiness. The Pearson correlation coefficient was calculated for child-reported and parent/proxyreported sleep times.
Mean changes in the amount of sleep between age groups were analysed with hierarchical linear models, including gender as a categorical factor, age groups as a time factor, and gender by age group interaction to study whether changes were different between boys and girls. While the questionnaire was done on the same subjects, age group is handled as repeated factor in the model. Analysis was performed with the SAS MIXED procedure, where incomplete response data can be included in the model using the Kenward-Roger correction for degrees of freedom (SAS, 2018) . A compound symmetry covariance matrix was fitted. If changes were found to be significantly different between boys and girls, contrasts were programmed to examine whether the change was significantly different between ages 10 and 12 years, 12 and 15 years, and/or 10 and 15 years. A similar model was executed for difference of reported sleep time between the parents and the children.
Changes in daytime sleepiness (1. not at all, 2. once, 3. two times, 4. several times, 5. every day) were analysed using a proportional odds cumulative logit model with repeated measures, where dependence between questionnaire years was also taken into account. Gender, as well as age group, and gender by age group interaction were included in the model. Differences between children's and parent's reports of the amount of sleep were looked for. These differences were calculated using the same model as was used for the amount of sleep described above. Here, the main interest was whether the difference differs from 0, ie, whether the assessments differ from each other significantly.
P-values less than 0.05 (two-tailed) were considered as statistically significant, and P-values between 0.05 and 0.10 were considered as marginally significant. The program used for statistical analysis was the SAS ® System, Version 9.3 for Windows. 
| Ethical considerations
| RESULTS
At the age of 10, children's self-reported mean amount of sleep per night was 9 hours and 17 minutes; at the age of 12, 8 hours and 52 minutes; and it dropped to 8 hours and 07 minutes in 15-year-old children (F 2 = 472.4, P < 0.0001). Overall, decline was different between boys and girls (F 2 = 10.0, P < 0.0001). In pairwise comparisons, it was observed that the amount of sleep dropped more in girls compared with boys between ages 10 and 12 years (t = −3.79, P = 0.0002). A similar difference was observed between ages 10 and 15 years (10 to 15 both years (t = − 3.8; P = 0.0002). Between ages 12 and 15 years, the decline was similar between boys and girls (t = −0.6; P = 0.56).
At weekends, a slight change in the amount of sleep was found between the ages of 10 (mean 10 h 10 min), 12 (10 h 16 min), and 15 (10 h 35 min) years (F 2 = 32.5; P < 0.0001). Again, a statistically significant difference between boys and girls was found in the increase in the amount of sleep on weekends. Boys had a greater increase between 12 and 15 years than girls (t = − 2.6; P = 0.0091). Additional analysis was performed on those who answered every questionnaire.
Results were consistent with the results above. Descriptive statistics for the amount of sleep are presented in Table 1 for both genders.
When the amount of sleep was compared with recommendations (9-10 hours per night), most of the children reported having slept according to the recommendations during weekdays at the age of 10 (71%) and at the age of 12 (56%), whereas at the age of 15 only one-fifth (19%) of the children reported meeting the recommendations. For boys, the numbers were 67%, 57%, and 21%, and for girls, 76%, 55%, and 18%, respectively (Table 2) .
Daytime sleepiness experienced several times a week or daily ranged between 13% at the ages of 10 and 12 and 24% at the age of 15 (Table 3 ). There was a clear increase in daytime sleepiness between the different age groups (F 2 = 32.5, P < 0.0001) with the change being greater between 12 and 15-year-old children, compared with other age intervals.
The increase was greater among girls compared with boys (F 2 = 10.68, P < 0.0001) for whom the significant difference was mainly due to an increase of daytime sleepiness between 12 and 15-year-old children.
The agreement between self-reported and parent-reported amounts of sleep was fairly strong, although parents tended to report that their child slept somewhat more than what was reported by the children themselves (Pearson correlation coefficients varied between 0.37 and 0.50, P < 0.0001). The difference between the children's and the parents' reports of amount of sleep was significantly different (t = 9.7, P < 0.0001), although the mean difference was only 18 minutes (Table 1) .
To be able to evaluate effects of dropouts, analysis was performed separately on children who answered every questionnaire.
Results were consistent with results above. In addition, the proportion of dropout for girls was 36% and for boys, 39%.
| DISCUSSION
Self-reported and parent/proxy-reported sleep habits were studied in a cohort of schoolchildren. This is one of the first long-term (5 years) follow-up studies of sleep behaviours and daytime sleepiness that has been conducted on school-aged children. The amount of sleep in school children decreased on average from 9 hours and 17 minutes to 8 hours and 7 minutes between the ages of 10 and 15 years. Less than half of the children slept as many hours per weeknight as recommended, but on weekends the amount of sleep increased. At the age of 15, over 75% of children slept less than recommended on weeknights. There were no differences between girls and boys. This should be taken into consideration in school health care, since lack of sleep Mean, standard deviation (SD), minimum, and maximum are presented as hours and minutes (hh:mm).
TABLE 2 Child self-reported and parent-reported amount of sleep categorized by recommendations (9-10 h)
Less than More than n 9 h 9-10 h 10 h n(%) n(%) n(%) has an effect on school performance, resulting in lower academic achievements (Chung & Cheung, 2008) . Furthermore, obesity, a common problem among school children, is linked with lack of sleep (Schmidt & Van der Linden, 2015) . Sleep habits during the weekends remained constant. Children try to catch up on lost sleep during the weekend. Agreement between self-reported and parent/proxyreported amounts of sleep was fairly strong and consistent.
Perceived daytime sleepiness was common at all ages. The proportion of girls who experienced frequent (several times a week or more) daytime sleepiness increased from 14% to 31% between ages 10 and 15 years, and for boys, from 12% to 17%. Daytime sleepiness has been linked with lower academic achievement (Devald, Meijer, Oort, Kerkhof, & Bögels, 2010) and lower overall well-being (Brand et al., 2010) and quality of life (Gustafsson et al., 2016) .
The validity of the results can be considered to be fairly strong.
The amount of sleep was assessed implementing the HBSC questionnaire (www.hbsc.org), which has previously been used and tested for assessing various health-related issues, including sleep, in adolescents (Leger et al., 2012) .
| Limitations
There are, however, limitations to this study that need to be 
